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0& (3 0) k, JfittklWSttfcitJUcaaiSiifcyx 
^-f*-K (Dzl~Dzn) kA*6&-2>mMmEE 
(2 0) k. R««t«ffiaftlHl»CflE-r«aES: 
*J»»TtBfc*ilE1W»*8 (5 0) k, H«mEE^&[°]& 
TrS&£ k #IlEM[ll?Si> 6 ©#M*ffi k 

* Jttt L T±ffi*«*|»*g:**J»-r 5 *fiEifct£[i]S§ 
(4 0) k)l»e>fc9, _hiBy x^— ^ Kk, #M 

«Tte&«E38£#« (3 2) feJ:tfW!ffi»£#ft£m 
Jft5rM1-^m^@i^ (3 3) T?»J«Lfc. 



0C- 




[^t^lfMcWiBLB] 

ur jiia*«iw»#«*iwip-r*m£Eifc 

«^ni»tt ^rxffitfffa k stE nra«*t¥a c b?u sit 
Rcm«*«-r5e««EiHi»4:j6»e»«ij«*ii-c ft* c t * 

1«Ki:-rsjemffi!S£0B. 
[»#fi2] ±te*Jft«as^tH]gs*5i«?ij^M©ffi^: 

»*iii»ctt±sBm«Emffiaaiia*«)y x *y 

(nteIE©fti&) ©yit-^*-h'%tr5»& 

fcmflE*±C«£EiURlll»C«»r * J: 5 CflWE Lfc C 
%MJ:t5t*« 1 CBE*®3e«EE3g±lHlK. 
[8**54] J:8E#M«E»^lHlK©±SB5em«ElHllS 

nrass] ±fs#Mmff^*[ugs©jtfapjaffi$t^ 
n-enaaaj c «r $ n*if»*#j&*iw»iH* c si s nfc 

■#■*!»*« 1, 2, 3Sfctt4CBft©je*£E»£@ 

T»ft5WB*M»r *«fp«**»j«r -s * * a «nw 

@Bi:&rt»LTftSrfc&^fcTS¥*#*»lHl 
[»#g8] ft#«7Cfe«c©¥*#*»0&^L< 



#jtwia»i:» ±e^»Jitty*uc*tuT»fiPtt«i%«ii 

[^©Plfflftl&iK] 
[000 1] 

[awn©*-*- #fgfm±, ^msEis£Bs§£ 

**«Jt«a*«*Rri636c?F»56&*!lW(ty * 'J Cist* 
[0002] 

[&*©&ffi] rtM* t'JJ: Lt^S^lt^ ^ 'J 

fifHjraa#ffc*Slx4JJMIf«SS4?fc:i: ^XffitoT*^ 
[0003] ^¥#it!M t U »i, «&* J ?>ifi*©B&K:» 

s©ls i ©m^mffi::ifc'<T«^mff j ?>Amff : £:£:^ 

EEK^IBEfS^jHlSSfr 5> ft -5 P3«B*»IIIg&«:*-r £ 

[0 0 0 4] — JRS&tt.rf'E'Jtt, ya-T-o? 
f- V *m-T % M O S F E T ft if** 6 & Z> &S&t? K « 
a*«E^*«ff*»i!lBLT-t©LSV^feXfl:S-ti- 

s a < ff & -5 ^s* 5 2g> & fc ^ 'j c *s» s 

«£*»fm, SRAM^»DRAM4if0»^t'J 
Cifc^T^&OfiV^S <)fJ>*-V(Dmm («HiKl Om 
S^) 5r*HtTfrftd J:o^SnTV>fc: 0 
[0 0 0 5] 

[^^*5»ftLJ:-5i:-r^pg] ^©fcto, ^ff^ltt^ 
JS-fb, v h©|p|_hCi:oTffiJ6-CfiS-Cafe.5o 

»«:Bi5±-c> *^^ma^**m©ms©i°]-h/& 5 fi 

[0 0 0 6] 01 1 C, ^i9*?>i:j:oI«MSnft 

^mff^isigs©— gu^^nxv^-So i5i0©^ma^ 

^0SS«, iS?iJ©ii$Hfe 2®©^ x 4 -fr— FD 
zl. Dz 2&<fctfmM$J$UBMOS hvVy^^Qc 
ri:, IBIilWIiiMOS h 5>S>^ HE 

£#s£-r ^mmtti&iugs i: e> ft o . ^ - v stf > ^ft 
tr©#£EiHiKi o©ffi^ss^t±ayx^— y^ar-v 



Dzl. Dz2*i«LX, «EEBBJ:0»£Sft*ft 
lE*yxt-^*-KDil, Dz2(Sf^fffi 
T 9 7 > y "f 3 <fc -5 C L 4j © T- 3b 3 „ 
CO 0 0 7] Cc3D^*ff^HlSSt*, #EE@K1 Otri 
07it-^*-KDzl. D z 2;6><E>§l£&7!>>tt3 

mffitt»0BK:Blln-r*lWlPflr-»Cl— C5*:«ll 

tih^y^^^Qc r©^- hA^T^mEESr^TtiS 

So 

[0 0 0 8] La>L&a s ?>, ±ffi©«fc-5fc?EMi©5£«ff 
T7it-^t-FDzl, Dz2CSfch.-5mflE**a£ 

t c «t o mmttf&iHiK * @is*-f-o4#iti«9j * 

[0 0 0 9] 3©«iH©Sfi<jtt, Ug.2£<t\Zfrfrt>b-f 

[0 0 10] £©&iJi©fi&©Ifi?ltt. WE&tbVlfrfrt> 
6T-^©mEE£f£±^tgfr£*EE#g£@&££t#t-r3 

[ooi i] z.(D$%.m(Dt£z>\z.tti(D&m$. m&\*t>^> 

[0 0 12] ^©H^OittB, *ii*^*B$p B ^®g| 

[0 0 13] r©£iJB©B«itt, 'FffStt^^USrrtja 
Lfcv^ * o ^ v £i-**©¥##*8tlsJI£2b* Wi 

[0014] z.<D5m<DmmtsLt}Tj\z\3.fr<D&$}iim%i 

[0 0 15] 

[0 0 16] aSlpfc^SWE&ft^-r*^ 

mffi3P*iHi»cj!iE-rm«E*#j»nrigft«SE*j»#afc, 
e> ©#^mEE h^ttMLt ±xsMM%m^fk*nm't 

#tf±fe*j5ft«EE^[sigSfr J: 0 * ^ :/^snfc5£WS 
**^S-a-SJ:-5t:Ufc««ffi5l±lsI8S-e*-3T, ±JE 



ff»^s:»3maE*»fr3£m«[iHi»i:A»e>flij«L/st© 

[0 0 1 7] JbJBLfc#KC «tn«, y^-^-V^it— 
[0 0 18] _hf5«MmJES^[l]?S* 5 it^M© 

*»«©y x ^— y-r F**-r*»*c, ±te#M 

tt'TSt.fcv^ rncif), yx-*--^ 

[0 0 19] sfeSVWi, ±fBm5ftmEE^lH]?S^i6?lJ^ 
8g©nfl (nttIE©S«) ©yx^-;?V;*- Kfcsfrr 

SfrfSrSM* LT^n?) ©ffiSt*^© jSSt«-W tl/nl: 

t5J:<);v\ ctxizcto. lo©mffi^^®T% ->x 
^ *- K©ia«<Kft£«:g*«ffi5g±*ia:©iaiS#tt 

[0 0 2 0] $e>tr. ±IS#M*ff^±lH]SS©±feSm 

* s ^n-?nisi c «k -5 2 ffi©ffi$t«:*T 
t», *«mffiaE»lHl»i:#Mms*±IsI»A»5>«ffitfctSE 

ibc -zn^nmm z n % *ee# n c «t a c s-rt-r -5 © 

T\ «BEiURlHllSC:JttLT^Iffl©«<bi:3&oTffl«U'e- 

[0 0 2 1] Sfc, ±3a#«R«ffi«±HIBS©_hIE?raE« 
Strati. iff5iJ^J»©««ffl©^«l}fittfc» *#»JSi)t 

[0 0 2 2] #»0§C«*j£mm5S£[Hll£H\ 

H£stismffi©fitga J iS5< tested w&*Bzm*>m 

[0 0 2 3] gjfc, *S6WC«*5£mEE«±IilKS:»ii 



Am < ft 0 , SJS»fF* 5 ^Tt6 d ft 3 o 
[0 0 2 4] ^^ir^S^m£E^(HlgS5r* 

=E 1 J 1> L < {i ft £ St L fc ■< ? a n > tf ^. - * © <fc 
o ft±NWfc*«[e]&£, lo©*fe*tg«_h^«LT I 

^mm^m^mmibm < ft o . * -r a © * ^ •> 

[0025] 

[0 0 2 6] ;i©lli6#J©;£mff#|±[E]l&(i, 5=-*-^ 
7ft if ft £#ff(s]if§l Ot. ISlEfflfVc 
c£ffi;£>S^£©r B Tt:iE^J{:&ifiSft7tffi3nRl. R2 
33efcLl t n&©y ^i-—? 4 FDz l~Dzn;6>?>ft 
^>mffi*ff^m(sISS2 Oi:, ^-r-5*EE©b^^%ig 
5£"rtift#M*ff#££[s]i&3 0t, !$^$ia7t#M«EE 

vr e f t±iemffimffi^&@&-es«fc;*ft*:ita (ffi 

£tR 1 £R2 ©&«?/- Kn 1 ©«&) £ ^tyrrst 

stfc^0?§4 o, ±ie#siH]gsi otmti^t.(Dr^z 

7ftJP£ftTJ:fe#ffi[HlSgl Otriomjftmff^SIIelSS 

2 o^esits^nsmM^^t-^.^'i' yf^gs o 

[0 0 2 7] 3©-5*>, #M1fiE^£[s]S§3 0f±, UK 

ms^v c c t\mma^-t.<nm\zm.m\zmm^iritz-^ 

i>^?32©x5 -^mE-rfttot^-T ^ h^Vv 5 
X9 3 2 t7£Wm\°\&3 3 £(D&ms - Kn2©lfi*5 
#I1EV reft LT«®©mffiifc«f[s]SS4 0 

snx^*. tfc, ^m^[ei^3 3ii. m.&mm<DMo 

SFET Qc^ffiiaRcfccfctfQcWy-hiSH^A 

/££ftTi->£„ 

[0 0 2 8] ±|EA-f 7*0!£3 4«\ SI^L 

te#te©ft^SpmEE#S£@&T*3S£$ftfcm. 2 V 

-^^->7 MHj^LSF©tii^mffiA 5 SteA^^ (+) 
CftlJn Six. _hfS^«?5fEfflMOSFET Qc©y-^ 
*ffi* 5 #SfeA^^ (-) \Z7 <(-F^ y?2tltz* 



[0029] ^LT, ZOX^TyJAMPWliijjmE. 
* ? ±te^mjSitfflMOSFET Qc®y- ht3/\'-YT^ 
lEEfc LTWfia£tlZ>Zt\z < }:K>. MOSFET Qc 

A^7^^nt, ±IS^mmfflMOSFET Qci:$ 

3©^mmi o&±wmmmv>~*imm.3 1 

%Z£iZ£K>. h^>v ? X5'32fclVIOSFET Qc 
Kn2C, 1«I o©ftt£n]-Sffi£i3 1 ©ffi 

?fllEC .t^tfti S— ^©mffiVr e f^MSK 

[0 0 3 0] d©fg;56#J©5£m£E#g±[H]gg{±. ±ffi#J& 
«E*4lHl»3 0-C££Snfc#J»«EEV r e f t««E 
«ffi^&[Hi&2 0©/-Kn 1 ©«fet^mffitfc^(Hl?S 
4 0 TtfcK LT, /-Kn 1 ©tfiti)5#I«EV r e f 
«tO t»iSV>Htttfci5!Isl8S4 OWitSTJtf/W U-<UUi:fto 

m^«flES«l[Hl?S2 0ir?|^^^1|M5:^-ro Sfc, * 
^mffiS&!s]g&2 0O/-Knl ®Itti«#«lEV r 
e f ■£ 0 fc<6< ft5tJfc&@&4 0©tfi;fr;!>*o? u-oi, 
t^ioU-f -y^ms 0$r^-7S-BrT#a[UgSl 01: 

So 

[003 1] :©cfc-5^7-f- hVN'-v ^KjfFCi^T, 
HMSfflI©3e«ffi«*llII»»i, mSE«ES»Iel8S2 0©y 
x^-*^:*- KDz l~Dzn©jS*^ilBl«ff (j&6 
V) fcfiSRl. R2C«tn*««EK:j:S«BE*TCJ: 

tEVcciH 1 2~1 3 Vi£V^A©ai^mffiVo u 

ffiVc c £K>b 1 7—1 8 V^£V^A©m7J»ffVo u t 
SrfcB;ft-f£o f Lt, w©tii*mffiVo u t © U-<;u 

EVoutli, 'yit-r-f^-FDzl-DznW^ 
«©yi7-tE*Vz. S*tRl . ~sSMi&£i3 1 C*3 
ItsmSftTiVr 1. Vr3K A^^-^- b^yi? 

Vout=Vcc- (nVz+Vr 1+VBE+Vr31) 

[0 0 3 2] sfc, c:©*^60tJ©^mffi^(H]gS{r^v^ 

Tfi, _hlBmm«EE^lH]S§2 0 $r«J5K-T •Sit^ffi© 
ffifiRli:R2 0l^ cne.©ffi$iRl. R2i:ig?lJ 
CfiMStlfe^it-^t- KDz l~Dz n©8t$r 



nttSi:, (R1+R2) /R 1 Nn£ -5£iS: 
SSni^S, rftfriO. n fll© ^it-^t-K 
D z 1 ~D z n ©fifi*SfteC «fc * / - K n 1 ©«{fcg» 

[0 0 3 3] -f&*o*>. Zl©3iJ60tl©5£*ffi#g£!HlK 
tt, AHSUE©8fkC <k&3ff$iR 1 i:*raEJ6*t3 1 ©*8 
ttg-ffcfr H L "C fi*ff tfc^0SS 4 0 ©At) C*T LT isiffl 

**©fflfi««ccit' , **i:*»fc'3/.hsv\, tot, y- 

Kn 1 KD z 1 ~D 

zn©ffla^tfcCJ:^TjE©iafi*&tt**U /-Kn 
2©lffli/^-f-7- h-7>v f ^^3 2©j&fi4#ttt3 
J: o t ftOjSS»ttS:#t 5 c i: i: & LT> z:© 

— KDz 1 ~ D z n©SS#tt©^S«i. JgStR 1 . R 
2l3j:oTRl/ (R1+R2) C«D&n*. o$ 

f%5Vout/6T, y x -f KD z 1 — D 
z n©#*©iSgflM8c£5 Vz/3T, A-ftf-^- h 
^ 3 2©ggf& : & 5 VBE/5 Ti:-r^>i:. 

<5 Vout/<5T=n(<5 Vz/dT) *R1/(R1+R 
2) +5VBE/5T 
-eStoSttS;: ££HZ> 0 

[0 0 3 4] 7it-^t-K©|gSM« 

vz/5TW,f- 7 ' h7>;;^^0MM«v 

BE/ 5 Tfi »&&©#&?• fcfc>t> <5Vz/<5T = -<5V 
BE/<5Ti:<^&-t±&©T\ n*Rl/(Rl+R2) =1 

©ts, ffia«flE©a<t*avou t/aTtfOfc&a 

w^* 5 7>*^o LA^Lt, ^©SIJS^JT'fi, .hSzfiLfcJ: 
•513, jfiftR 1 tR2©ffi« (R1+R2) /Rl=n 
fcfrS.fc-SCSBesnTV'**. •?:©£#>> <5Vout/ 
3T=0i:«c0, KMEVo u t (±SS^»j»z^*>^ 

[0 0 3 5] fr*5, ffiStR 1 i:R2©t«, (Rl+R 
2) /Rl=n"Cfi&<, (R1+R2) /Rl =n\Z 
Wu£.-t%>£ LTV>a©«, yit-^t-KDzl~ 
Dzn©fiI«t5Vz/dTi:/^4?-7 • h^>S? 
X? 3 2©^«8fca VBE/aTtt±<#L^*>W--ett 
fc^©T% *©itv LTjgKR 1 i: R 2 £MIE 
Ltzi&tfii££T2>tzisb-£$>Z> 0 -fcfc**:, 7it-f-f 
^•-KDzl~Dzn«W ! 2i (n = 2) OfcSttR 
1=R2. 3{@ (n = 3) ©i:?liR2 = 2Rli:Jn 

[0 0 3 6] £©|£8S0l|©j£«BE»£lIIB&tt, 
Ell CSSntV^J:?!:, «BElfc«lHl»4 0-CJtlfcS 
H5 2o©tEtto*,«I/- Kn 1 hmms- Kn 



2©fl5«£**i-t , ii«tf:Rl fcR2, ffi^3li:Rc# 

ffi^^©^i* 5 ^^e.-^v^fci: Lit, _bfS4o©s^iis!i; 

i-5tr«e>o< 0 -o^O, 1 o©Siri©ffi>& 5 i«< 

te©Sctn;©ffi*>te<fc*. *©*£*, fflsK©Hi&«e>-3 
Zfrtb-itzt LTtSKR 1 tR 2 ©JfCjfei: -5/- K 
nl®ltii; > ffi£i3 1 fcR c©ifc-eSfe3:5y- Kn 2 

©mtitttfcRw— jti:*cs. ra^c msmmvcca* 

y- Kn2©mfe©^»fi, ffiitRl. R2i:, }g£x3 

i. Rc©fittJfcc ,fc9*ii-pn*©atffc;*!&<«i;e>ix 

*fctt«««ffaE»C:StLT*,Sf5eLfc3£*ffVou t 
*ai^-r-2>^fcA 5 T*t-5o -ftJ: ffiiaR 1 . R2© 

i&^att. mn.3 i , Rccffistifcttsv^v^frs 

[0 0 3 7] C©*Jfi«l03£*ffiJS±lHlKtt, }ffin3 1 

©ffi*a**c:fc#T?t*j:3£aij«s;h.TV'>*. u 

[0038] 03l:^StlTU5J:ol:, _tJBI6*t3 1 
tt«»0»«IJS*tVRl~VRmC«J:*)fl|j«Sn, #^SJ 

astvRi~vRmi:3&fTK: -tn^ny— biemzmmm 

*§rC l~Cm* 5 eiJo$ia^MOSFET Qvl—Qvm^ 

[0 0 3 9] ±ie«r^}g*T;3 i », ##iiJJgin:vRi~ 

VRmfcMffCg&g&SftfcMOSFET Qvl~Qvm# 

*©y- h^cwiwsftfciwiiwir^c i~cmc«to 

Qvl~Qv«*«*VttJjBK:Sn*t3>*JlC-r*»aiJJgS[©iiS 
£ft3„ 

[0040] ±mvmm^c 1 ~cmt4. jewes^e 

A* Rlf S© U £ ft 5 «fc -5 C*38rtfc S S ftmt®fc V R 
i-VRi^Lt. tni^LftMOSFET Q 
vl~Qvm£;*>:*-ti-.5«fc-5C2fei65 0 #C^JRS5 
n-5 4j©T'^V'* 5 , ±IBSUP«-f-C l~Cmli. ^S© 

[0041] ±ia©«fc-5CLT, *»{b«nfc«-wjs*t 

^tlriO, #MmffSI±leIK30tzJ;0^$n-S# 
^mff V r e f © U^^* 5 ffi*tr^g}x, ^ni^flE 

jfcttin&4 o (3tt^$nTm^mE^(H]s§2 o ©mm 



&^t(ifittRl. R2©jfi*ttfc, Jfift3 1. R c ©ffi 

So 

[0 0 4 2] fc*s, H3 0HJfi«Iir*5l^Ttt, ^-*k 
h^Vi^^^Tr l~Tr x* s M?IJCK(tP> 

[0 0 4 3] r©jlSE«aj-Ctt, ?<{*-h'mffi(D 

• h ^Vv*? 3 2£JH^TV>-5;6 ? . h^V 

ITC**. fcfc'U ■*©»£•£«, IHISfVcc 
ky-Kn2kOMCD^-f *-KkRr3e^C3 1 k©ft 

oTt*^*3>5cV\ S?>C, 0 1 ©fU&M©5£mffH£ 

#ffiis]gsi o* s ^->-/^^i5it6nfc^m?)f£ 

*tll,z£-iX&feL1zfe'mEE%:mt)2-&ZZ£&-T? 

[0 0 4 4] H2K:tt, *5SWCfl5S«m£E»iHIK© 

±III&«:ft©^mff£ffi^aSfeteWT-fca©C*f U 
H2©««BE5S*IeI8SttiEOi£*ff*liJ*-rS5a6«|-C 

4©*"CIhI&©1*j«B:B 1 ©SQfi«fcH«-C2b*©-C, 

ra— 1» l < \$mm(Dm'&^m^\zm~<Dft^*tt lx 

[0 0 4 5] H4fcB\ *^WC«45e«ffi«^lHllSO 

^©sg^flia^snT^ao ^©ns6^j(±, 

94*- K*»2fflT?fe*»*K:, JfiitR 1 kR2©ffiia 
JtT?y x 7— ?V K©S««#tfc«:#Jta*flE££III 
K3 0OllO;W^-7- h 7 > i?X 9 3 2 <DU&{& 

#ttcio-cffi«-r-sftt>9K:, #Mmffi^(si8S3o 

Cl£?U^Jig©2fg©/'W tf-7> • h^y^X^Srsglt-S 

:kt, 7it-^t- K©fiaH£#tt*2ffl©;W 

*-7^7Vy^?32a, 3 2 b©i&Steffttt «t 

K©&g*ftt£fciA-f;i?--7 • h 5>yX5'(D';-^ • ^ 
$ ^^©PN^/-ft- F©&S*!H4CJfi^©T\ 
BI4C!)«J:-5«efltj«K:-r*CikC«J:oTtija«X»CJ:« 

[0 0 4 6] H5fctt, *£9iC«S5e«fiE££lI|g£© 
JK4©3at0W*jj*SiiTl>*o H 4 ©3gJI5W©5£*S* 



H5©3e*ffi«^iHi»ttiE©j£mm*ui*-r4Si*«i-c 

H4©Hlfi«li:tt«*«EoH«*«a*t:3Q:o-CV'> 
5©*-?l£l&©«J0cti:EI 4 ©StJg^Ji: [§I«T*fe^©T% 

1^— *» l < \±mm<D®& j s>m?-iz&m—(Dn^*ttLx 

[0 0 4 7] H6»r»i, #»i»fcHfcS5e«EE&£[HlB&© 
^5©SlJS^JA s ^$iaTV^o -©USSSWi. El 1 izis 
W-£1i£tfc1£[e]?§4 Otrfc^T. 3>Ai/-^COMP 
©ifc&C tilJjtfvy U-OUj&^W U-Ol^S-fbTS 
£:£©L£lMK^ffi iOttB^AVW U^;i^£> a <7 u 
"S^aMfrr -5 £ © L £ ^ffimff < 4 -5 «t -5 eg* 
s££ titz is a. 5 » h m%© J: -5 &ffi*J«^-# t * x u -> 
*4$tt%*-r-5[s]gg6 O&SKtfcfc©"*?**,, cixej: 
ot, 0M*f£«i|iy>f X^CJ:oT«ffiJ±;tfc[IIS&4 0© 
ftJjtfmtLXXJ » ^19:50 tf^&Xic*:/, ^-7 
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